invoked for the USA and EU), no nation had legislation requiring the pharmaceutical industry (which is often the fi rst to know) to inform the relevant medicines regulatory authority (MRA) of drug falsifi cation. It is extraordinary that, in 2014, such systems are widely in place for suspicious aircraft parts but not for suspicious medicines. 8 WHO's new Rapid Alert System facilitates information sharing on poor-quality medicines between medicines regulatory authorities (MRAs). 5 It should be mandatory and included in the International Health Regulations. 1 When pharma ceutical companies and others encounter suspicious medicines or medical products, there remains tension between commercial interests, the need to investigate, and the requirement to act quickly to safeguard public health. There is no consensus mechanism to adjudicate these decisions from a public health perspective. This stagnant system must change. All reports of suspect medicines known to the pharmaceutical industry and others should be reported to the WHO and MRA within 1 week for investigation, risk assessment, and appropriate dissemination. If those reporting wish delayed onward dissemination, an advisory committee of MRAs and WHO with independent advice should perform a rapid public health risk assessment. Compliance should be reported through a mechanism such as the Access to Medicine Index.
Falsifi ed medicines in Africa: all talk, no action
Poor-quality medicines and medical products, both substandard and falsified, cause avoidable morbidity, mortality, drug resistance, and loss of faith in health systems, especially in low-income and middle-income countries. [1] [2] [3] We report the analysis of two falsifi ed medicines from Angola and discuss what lessons such a discovery could hold.
The tablets were seized at Luanda docks in June, 2012, after failing Minilab testing. 4, 5 The seized shipment was enormous (1·4 million packets), and hidden in loudspeakers in a container from China. 4 One sample was labelled as an adult course of the vital antimalarial drug artemetherlumefantrine, and as being manufactured by "Novartis Pharma ceutical Corpor ation"; it also bore an Aff ordable Medicines Facility-malaria logo (fi gure). Another sample was labelled as the broad-spectrum anthelmintic mebend azole, and as being manufactured by "Janssen-Cilag SpA".
We analysed the tablets with an array of analytical platforms, including high-performance liquid chromatography, ambient ionisation mass spectrometry, Raman spectroscopy, Xray powder diff raction (XRD) analysis, nuclear magnetic resonance spectroscopy, isotope-ratio mass spectrometry (IRMS), and botanical assays. Packaging was analysed with the portable counterfeit detection device CD-3 (see appendix for detailed methods).
No artemether, lumefantrine, or other active pharmaceutical ingredients were detected in the "artemether-lumefantrine" tablets by any of the chemical assay techniques. Brushite and three different yellow dyes (pigment yellow 3, pigment yellow 81, and pigment yellow 151) were detected. No mebendazole was detected in the "mebendazole" tablets, but the active ingredient levamisole (270 mg/tablet) was. XRD analysis revealed the presence of calcite (CaCO 3 ), with IRMS data suggesting that it was either hydrothermal or medical in origin. The CD-3 ultravioletvisible and infrared images of the falsified and genuine packaging readily showed substantial diff erences between them. Language errors on the "mebendazole" packages were common, suggesting that the forger may have had some knowledge of English but little of French and Spanish.
Falsified artemether-lumefantrine has also been described across central and west Africa. 5 Such products will inevitably cause increased morbidity, mortality, and transmission, and could falsely indicate that artemisinin resistance had arrived. Additionally, modelling strongly suggests that underdosing is an important contributor to resistance. 6 Therefore, if patients consume co-circulating falsified and substandard medicines sequentially, so that heavy parasite burdens encounter low drug concentrations, the risks of engendering resistance are high.
The presence of the anthelmintic levamisole is also worrying because it has been withdrawn from many markets for human use owing to its association with agranulocytosis. The recent epidemic of necrotising vasculitis resulting from "cutting" cocaine with levamisole 7 suggests links between criminals who produce narcotics and those who produce falsifi ed medicines.
These examples illustrate the major obstacles to improving the global medicine supply. First, there is no global system for the mandatory reporting, assessment, and dis semination of information on suspicious medicines. The seizure in Angola was fi rst brought to public attention on Facebook after 5 months, and in the printed press after 11 months. 4 7% of sub-Saharan countries had a "moderately functioning MRA". 10 We cannot expect the world's medicine supply to improve without co ordinated functional MRAs. They are essential for the interventions needed, and to ensure that the benefi ts of increased accessibility to free or inexpensive internationally fi nanced medicines and inexpensive generics are translated eff ectively into improved public health. The Access to Medicines movement has been very important in improving access to essential medicines; however, much more emphasis is needed now on access to good quality medicines.
PN and NW are supported by Wellcome Trust of Great Britain. FMF would like to thank the NSF MRI grant #0923179 and the NSF/NASA Center for Chemical Evolution CHE-1004570 for the use of equipment acquired under these projects, and the GT School of Chemistry and Biochemistry for a Vasser-Wooley faculty fellowship that provided resources for this work. PD and MJC were supported by the ACTSecond, recent inaction regarding medicine quality has involved disputes over definitions from a trade and political perspective. These disputes must have damaged public health. The acronym NATO (no action-talk only), sadly refl ects recent history. Extended discussion at World Health Assemblies culminated in 2011 with the formation of a Member State mechanism. However, chairmanship disagreements then apparently delayed discussion for 6 months. 9 The group now has meetings just once per year.
The terminology remains confusedfor example, a recent US Institute of Medicine report on medicine quality 2 did not state clearly what term should be used for medicines that are poor quality but not falsifi ed. Here we have used the distinction between falsifi ed (or counterfeit or spurious medicinesie, those deliberately and fraudulently mislabelled with respect to identity or source) and substandard medicines (ie, genuine medicines produced by authorised manufacturers that do not meet quality specifi cations set for them by national standards). 3 To avoid any intellectual property connotations, the term falsifi ed is used here instead of counterfeit. 3 We believe that this is the clearest way forward.
Third, the extradition and prosecution of criminals, such as those trading in falsifi ed medicines between China and Angola, is extremely difficult as falsification of medicine or medical products is not an international crime, and definitions and laws are inconsistent. An international public health convention could assist in combating criminal networks and provide a fi nancing mechanism for MRA and factory support (ie, detecting and reducing factory errors or negligence). 3 The Insitute of Medicine favours softlaw solutions, 2 but the lack of legally binding force would neuter action.
Fourth, the enormous investment in accessible medicines and medical products without investment in checking their quality is profoundly illogical. WHO estimates that only 
Sample preparation for Mass Spectrometry
For analysis of the Ao-2012-1 suspect tablet, 0.08 g of the tablet was dissolved in minutes. The mobile phase flow rate was 0.3 mL min -1 , the column temperature was 6 45°C, the autosampler tray temperature was set to 5°C, and the injection volume was 5 µL.
X-ray diffraction analysis
X-ray powder diffraction (XRD) analysis based on diffraction peak angles and corresponding intensities can be employed to identify bulk unknown excipients.
Experimentally-obtained XRD scans can be searched on powder diffraction files 
MS pigment analysis
7 UHPLC-MS was also used to investigate the presence of pigments in sample Ao-2012-2. For that purpose, 0.05 g of pulverized sample was dissolved in 2 mL of tetrahydrofurane. Then, the solution was sonicated for 30 minutes, and centrifuged at 13,000 rpm for 20 minutes. UHPLC-MS analysis was performed in the negative ion mode. Chromatographic separation was achieved in 10 minutes using ACN and water with 1% acetic acid as mobile phase solvents and gradient elution with 5% ACN to 95% ACN in 8 minutes, which was reverted back to 5% ACN at 9 minutes. The mobile phase flow rate was 0.3 mL min -1 , the column temperature was 50°C, the autosampler tray temperature was set to 5°C, and the injection volume was 10 µL. Diffusion was encoded using gradient pulses with a sinusoidal shape with 16 gradient steps ranging from 0.7 to 32 Gauss cm -1 . All NMR data were processed using TOPSPIN software (Bruker). Samples were prepared by dissolving a mass of powdered tablets equivalent to 5 mg of analyte in 0.7 mL of deuterated DMSO, followed by sonication for 15 minutes, and centrifugation (3 min, 13,000 × g). The supernatant was poured into a 5-mm NMR tube for analysis. Individual standards of artemether, lumefantrine, mebendazole, and levamisole were prepared in DMSO providing final concentrations of 5 mg mL -1 .
IRMS

Botanical Assays
Pollen processing of eight tablets from suspect sample Ao-2012-2 and eight from authentic sample G-NOV-62 were identical in each case with weighing, crushing, hot water wash, acetolysis, hot 10% HCl, acetone wash, filtering through a 6 µm filter and mounting in unstained glycerine jelly on two slides under long coverslips (the total amount of residue remaining) (Newton et al. 2008 ). All slides were examined using 
Reporting
We have used the distinction between falsified (or counterfeit or spurious medicines;
i.e. 'deliberately and fraudulently mislabeled with respect to identity and/or source') and substandard medicines (i.e. 'genuine medicines produced by manufacturers authorized….which do not meet quality specifications set for them by national 
Results
Sample Ao-2012-2
Active Pharmaceutical Analysis
No detectable levels of artemether or lumefantrine were observed by HPLC-DAD. MS and XRD methods described above were used to determine the chemical composition of the sample tablet Ao-2012-2. 
Packaging
The packaging of Ao-2012-2 differed from that of a genuine sample (Table 1 
Excipient MS analysis
Negative mode DART-MS analysis of the suspect tablet suggested the presence of a disaccharide (such as lactose) in the tablet. As illustrated in Figure 13 A 
Packaging analysis
Errors in language on the packet and the leaflet strongly suggested that the sample was falsified, corroborating chemical analysis results (Table 1 UV-Visible and infrared images of the falsified and genuine packaging readily demonstrated significant differences between them. On the suspect sample outer packaging the dosage information text had a brighter red colour relative to that observed for the genuine sample. The shaded area on the front of the outer packet of the genuine product was darker in colour than that observed on the suspect sample packet. In addition, differences in the texture and printing of the packet as well as in the stamped expiry date and batch information between the suspect and the genuine samples were evident ( Figure 14) . Unlike that observed for the genuine sample, the letters printed on the falsified inner packaging were not apparent under infrared light. 
